The problem-size effect in simple additions, that is the increase in response times (RTs) and error rates with the size of the operands, is one of the most robust effects in cognitive arithmetic. Current accounts focus on factors that could affect speed of retrieval of the answers from long-term memory such as the occurrence of interference in a memory network or the strength of memory traces that would differ from problem to problem. The present study analyses chronometric data from a sample of 91 adults solving very small additions (operands from 1 to 4) that are generally considered as being solved by retrieval. The results reveal a monotonic linear increase in RTs with the magnitude of both operands. This pattern is at odds with the retrieval-based accounts of the problem-size effect and challenges the well-established view that small additions are solved through retrieval of the answer from long-term memory. Our results are more compatible with the hypothesis that even very small additions are solved using compacted fast procedures that scroll an ordered representation such as a number line or a verbal number sequence. This interpretation is corroborated by the analysis of individual differences.
Introduction
The problem-size effect, that is the increase in response times (RTs) and error rates with the size of the operands of additions and multiplications, is a benchmark of mental arithmetic (Zbrodoff & Logan, 2005) . Concerning additions, on which this article focuses, four decades of investigation have not permitted to reach a consensus on the sources of this effect. Though the selection of nonretrieval and slower procedures on larger problems (i.e., additions with a sum larger than 10) has been advocated to account for longer solution times with larger problems (LeFevre, Sadesky, & Bisanz, 1996) , a problem size effect is also observed for additions with a sum up to 10 (hereafter, small additions) or when analyses are restricted to those trials in which participants report to have solved additions by directly retrieving the answer from memory. In these latter cases, the leading hypotheses focus on factors that could affect speed of retrieval such as the occurrence of interference in a memory network (Zbrodoff & Logan, 2005) or the strength of memory traces that would differ from problem to problem (Ashcraft & Guillaume, 2009 ). In the present study, we concentrate on very small additions (augends and addends, i.e., the first and second operands respectively, from 1 to 4) for which there is a consensus on the idea that they are solved through retrieval. Contrasting with this received view, the analysis of RTs from a large sample of adult participants reveals a clear problem-size effect that does not fit very well with any of the retrieval-based accounts.
In a seminal study, Groen and Parkman (1972) presented first graders with simple addition problems (the largest problem was 5 + 4) and asked them to select an answer from 0 to 9 by pressing labeled buttons. The results are well known. The best predictor of RTs proved to be the smaller of the two addends. This phenomenon pointed
